Damping-off of chilli caused by Pythium aphanidermatum is a major nursery disease in vegetables. In vitro experiments evaluated the effect of eight isolates of Trichoderma species (from chilli rhizosphere) were tested against P. aphanidermatum. All the Trichoderma species had varied antagonistic effects against the pathogen. Among them, TVC 3 recorded maximum growth inhibition of P. aphanidermatum and produced more amounts of volatile and non-volatile metabolites. The culture filtrate of the Trichoderma isolate TVC 3 recorded complete inhibition on the mycelial growth of pathogen at 15% concentration. Moreover, chilli seeds treated with culture filtrate of the isolate TVC 3 recorded maximum germination percentage, shoot length, root length and vigour index of chilli. The study identified the Trichoderma isolate (TVC 3 ) performed well in inhibiting the mycelial growth of pathogen as well as increased the plant growth in chilli.
INTRODUCTION
Chilli is a universal spice of India. It belongs to the genus Capsicum and the family solanaceae which is popularly known as "Red Pepper". The crop chilli is known for the red colour pigment "Capsanthin" and the pungency is attributed to "Capsaicin". Apart from it, chilli is also well known for the vitamins such as A, C and E. Though chilli plays a vital role in increasing the national economy, still the productivity and foreign exchange realized through chilli can be increased by the management of various diseases caused by pathogens of fungal, bacterial and viral origin. Among the fungal diseases, damping-off caused by Pythium species cause more than 60 per cent mortality of seedlings both in nursery and main field (20) . It is therefore essential to develop an effective, Exploitation of Trichoderma species on the growth of P. aphanidermatum cheap and environmentally safe non-chemical method for the management of damping-off disease. Hence, Biological control has been developed as an alternative to synthetic fungicides and considerable success has been achieved by utilizing antagonistic microorganisms for controlling soilborne pathogens. The need for alternative control strategies, particularly those involving biological control, has increased greatly in the past two decades. Growth inhibition of Pythium species by the Trichoderma metabolites has been well researched (15, 18) . The successful application of Trichoderma species for the management of damping-off caused by Pythium species in chilli and tomato has been previously reported (14, 19) . The objectives of the present study were (1) Isolation and identification of pathogen, (2) Isolation of Trichoderma species from chilli rhizosphere and tested for its efficacy against P. aphanidermatum (3) To study the morphological characteristics of Trichoderma species (4) Efficacy of seed treatment with Trichoderma species on chilli seedling growth.
MATERIALS AND METHODS

Plant materials
Chilli variety 'Co-1' was obtained from the Department of vegetable crops, Horticultural College and Research Institute, Tamil Nadu Agricultural University (TNAU), Coimbatore, Tamil Nadu, India was used for the entire study.
Isolation, maintenance and identification of pathogen
The pathogenic fungal strain used in all the experiments was isolated from the soil of a nursery in Annamalainagar, purified in plain agar by the single hyphal tip method. A small block of agar medium from distal end of a colony growth in potato dextrose agar medium (PDA) was cut and re-inoculating the block on 2.5% water agar medium in a Petri plate to obtain a colony of about 1 cm diameter. Then the whole agar medium in the Petri plate was replaced upside-down with a flamed forceps in the same Petri plate and incubated until the colony reached before the plate wall, during this process the mycelia penetrate the agar medium without the contaminating bacteria and reach the top of the agar medium. A thin piece of agar containing a single hyphal tip of the desired fungus was taken from the surface of the margin of the colony on water agar medium under the microscope and transfer to PDA slant for maintaining the fungus at 28±2°C by regular sub culturing (30) . The pathogen was identified as P. aphanidermatum based on the sporangial character (39) .
Isolation and identification of Trichoderma species
Soil samples were collected from chilli rhizosphere at eight different chilli growing tracts of Tamil Nadu, India. For rhizospheric soil, plant was gently and carefully uprooted, soil tightly adhering the roots was collected, randomly selected, mixed and one forth part was used as composite rhizospheric soil sample of the region. The pH of soil was determined in 1:2 (soil:water) ratio, keeping 30 min as equilibration time.
Collected soil samples were air dried for 4 h and isolation was done by serial dilution technique. Trichoderma selective medium (TSM) was used for isolation of the isolates of Trichoderma (6). 1 mL soil suspension was taken with the help of 5 mL sterilized pipette and poured on the Petri plate seeded with TSM. The plates were incubated at 28±2°C for 5 days.
Observation on the appearance of colonies was recorded from 3 rd to 5 th day. Individual colonies were picked up and maintained in pure culture for further study. The Trichoderma species were identified and examined under compound microscope on the basis of their cultural and morphological characters (27) 
Colony growth inhibition assay
The antagonistic activity of Trichoderma species against P. aphanidermatum was tested by dual culture technique (32) Exploitation of Trichoderma species on the growth of P. aphanidermatum using PDA medium. Each treatment was replicated four times with five plates per replication. Periodical observations on the growth of Trichoderma species and their ability to colonize the pathogen were recorded and also per cent inhibition of mycelial growth of pathogen was calculated by using the formula (38) .
Per cent inhibition (I) = C-T / C × 100
Where, C -Growth of pathogen in control plates T -Growth of pathogen in dual culture plates I -Per cent inhibition in mycelial growth.
Morphological studies
The colony characteristics such as colony appearance, microscopy were utilized in the study (26) . The spore intensity was measured by using haemocytometer.
Assay of production of volatile and non-volatile metabolites
Production of volatile and non-volatile metabolites from
Trichoderma species against P. aphanidermatum was tested following the method (5, 4, 9).
Volatile metabolites
Trichoderma species isolates were inoculated in the centre The diameter of the mycelial growth (in mm) of P.
aphanidermatum was measured at 48 h after incubation. 
Effect of
Statistical analysis
All the experiments were of completely randomized design (CRD) and repeated twice. To determine the effect of each Trichoderma species on the radial growth of pathogen, the per cent reduction compared with the experimental controls was calculated. Data were subjected to analyses of variance and treatment means were compared by an appropriate Duncan's multiple range test (P < 0.05).
RESULTS
In vitro inhibition of P. aphanidermatum
The eight isolates of Trichoderma species tested for the mycelial growth of P. aphanidermatum. Of these, isolate from chilli rhizosphere (TVC 3 ) exhibited maximum growth inhibition of P. aphanidermatum (88.0%) compared with the control, followed by THC 1 (83.9%) and TVC 5 (80.0%) ( Table   1 ). Exploitation of Trichoderma species on the growth of P. aphanidermatum 
Micromorphological characteristics of Trichoderma species
Differences in micromorphological characteristics of eight
Trichoderma species were described in 
Growth characters and sporulation
Results from in vitro tests showed that the complete radial growth was observed in Trichoderma species TVC 3 (90.00 mm) which was significantly greater than that of the other respectively.
Volatile and non-volatile metabolites
Studies on the effect of volatile and non-volatile metabolites of Trichoderma species indicated that the mycelial growth of the pathogen was minimum (20.7 and 17.3 mm, respectively) and the inhibition was maximum (76.7 and 80.5%, respectively) with the isolate TVC 3 followed by THC 1 (Table 3) . Table 3 . In vitro antagonistic potential of Trichoderma species against P. aphanidermatum through volatile and non-volatile metabolites.
TVC: Trichoderma viride from chilli rhizosphere, THC: Trichoderma harzianum from chilli rhizosphere. 1 Means of four replicates. Values in each column followed by the same letter are not significantly different according to the DMRT method (P < 0.05).
Culture filtrate on the mycelial growth of P.
aphanidermatum
The results revealed that the culture filtrate of the isolate TVC 3 , TVC 5, and THC 1 recorded complete inhibition of P. aphanidermatum at 15% concentration and the least inhibition on the mycelial growth of P. aphanidermatum was observed with 5% concentration by the isolate TVC 2 (Table   4 ). Among these, TVC 3, THC 1 was highly antagonistic to P.
aphanidermatum.
Trichoderma species clearly exhibited varying levels of antagonism towards P. aphanidermatum. A specificity of biocontrol agents against the pathogens was also evident. The antagonists isolated from chilli rhizosphere performed better in inhibiting the growth of P. aphanidermatum. This is in consistent with earlier findings (22) . Similarly, T. viride inhibited the growth of P. aphanidermatum in tomato (16); in turmeric (33) and many hosts (21) . Volatile and non volatile antibiotics produced by T. viride and mycoparasitism might be responsible for the suppression of P. aphanidermatum leading to lysis (7, 8, 10 (29, 34) .
Similarly, the production of antibiotics, cell wall degrading enzymes and competition for space and nutrients by Trichoderma spp., was solely responsible for the suppression of P. aphanidermatum (10, 17, 36) . This is in accordance with our results of earlier workers.
The present study also indicated that the mycelial growth of P. aphanidermatum was reduced with the increase in concentration of culture filtrates. The isolate TVC 3 was found to be the most effective in inhibited the mycelial growth of P.
aphanidermatum. Similarly, the results indicated that 10 days old culture filtrate of T. viride exhibited maximum inhibition of P. indicum under in vitro (24) . The overall results indicated that the pathogen P. aphanidermatum was highly affected by all isolates of Trichoderma under in vitro conditions.
Antagonism of Trichoderma species against several soil-borne plant pathogens has been reported by several workers (2, 11).
The antagonist Trichoderma not only suppresses the growth of pathogen and also control the disease, but also has got its growth promoting effect in the plants. In the present study revealed that the chilli seeds treated with culture filtrates of the antagonists increased the seed germination and induced the plant growth promotion under in vitro. The shoot length, root length and vigour index of chilli was significantly more in culture filtrate of the isolate TVC 3 . The growth promotion exerted by Trichoderma might be due to the production of auxin-like compounds in the culture medium (35, 37) . Similar beneficial effects on seed germination and seedling vigour was observed with inoculation of Trichoderma spp. has been previously reported (13, 25) .
In the present study Trichoderma species were isolated from chili rhizosphere (TVC 3 ) was found to be highly effective in inhibiting the mycelial growth of pathogen and increased the plant growth.
